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This latter point would suggest that in bubble-free 
. glass there is a greater possibility for cases of want of 

homogeneity to occur-a point that is worthy of con
sideration. 

Striae (Veins).-This defect is produced during the 
melting operation, and is the cause which necessitates 
the rejection of the major portion of the glass made. The 
two terms are used to describe the same defect, although 
the term "veins" is generally reserved to describe heavy 
strire. The most important source of strire is the action 
of the fluid glass on the fireclay pot during melting, being 
threads rich in silicate of alumina, although volatilization 
of certain materials during the time the glass is main
tained at a high temperature is a contributing source. 
Borate glasses are prone to carry strire as boric acid is 
freely volatilized from glasses which contain it. This 
loss of a constituent at a particular point produces layers 
of sliglitly varying refraction, which can only be over
come and completely incorporated by stirring. 

The presence of strire is described as want of homo
geneity, which is undoubtedly correct, but this term is 
more comprehensive when used by the optician. He 
calls strire "strire," or may be "veins," but reserves the 
term "want of homogeneity" for something less than 
visible strire, which produces a deformation of image. 
It is probably caused by a gradual index change due to 
the fact that although the strire have been broken, they 
are invisible, yet have not quite reached the perfect state 
of incorporation. 

Very heavy strire may be easily seen by the unaided 
eye. 

"Want of homogeneity," which is somewhat rare, can 
only be detected when other possible causes, such as 
curves, stresses, etc., have been eliminated. 

The method by which these defects may be minimized 
is by adequate stirring, but on account of their method 
of formation it is doubtful whether they can be entirely 
eliminated. 

Stones or Solid Bodies .-These do not in a great mea
sure trouble the optician, owing to the fact that they are 
avoided as far as possible, and portions containing them 
rejected during the sorting operation. 

They may consist of undissolved particles, but more 
frequently result from small pieces of clay leaving the 
pot and remaining suspended in the glass when too high 
a temperature has been reached. They continue to dis
solve as they are in suspension, but this process is very 
slow, due in a measure to the viscous envelope which 
surrounds them. D uring stirring this envelope becomes 
elongated, and from each stone a tail-like filament identi
cal with a vein is produced. This defect is very serious, 
and whole pots of glass are rendered useless, should it 
occur to any extent. 

CLASS II. 

The effect of stress on glass has been fully investigated 
by Pockels, proving that the change of index with uni
form compression increases rapidly with the original 
density and index. Glass is a poor conductor of heat, 
and if such a body is cooled down from above its sdtening 
point rapidly, stresses are induced, depending on the rate 
of cooling. The body first solidifies on the outside, and 
being very rigid, will not allow the hot fluid interior to 
contract to its full amount; thus such a system should be 
under compresson near the sides and tension at the 
center, and a varying refraction must result. I have here 
two glass spheres of about 4-inch diameter. They were 
made from fluid glass, but in the first case it was chilled 
by allowing to cool as rapidly as possible consistent with 
keeping it intact, while the other has been carefully 
annealed. The bubbles in the unannealed glass are seen 
to be very large in the center, gradualiy fading away 
toward the outer edge. In the annealed sample the 
bubbles are very small and of uniform size-about 1 milli
meter in diameter. 

No glass is perfectly free from strain, but that found in 
the highest qualities of optical glass is of negligible 
amount. 

Glass in general is a very complicated substance, and it 
would be a difficult matter to assign a chemical formula 
to express its constitution. It, however, behaves so 
much like a solution that it must be considered as such, 
certainly in most cases. There is, however, a tendency 
in all glasses to depart from their glassy nature, depend
ing on the chemical composition. 

Most, if not all, of the glasses, if maintained just above 
their softening points for a considerable time, would lose 
their glassy nature and become very similar to porcelain, 
and advantage is taken of this fact in some cases. 

This phenomenon is known as " devitrification," and 
opinions differ as to its exact nature; some consider the 
crystals to have an identical composition with the glass, 
while others conceive it to be a true crystalization of a 
chemical substance from the solution. As regards my
self, I take the latter view. With the ordinary crown and 
flint glasses this tendency to devitrify is not very serious, 
but as the optical constants become what may be termed 
abnormal, the chemical composition is altered to meet the 
case. 

The alteration of composition along a line generally 
means increasing the amount of one or more of the con
stituents in the solution, and the increasing concentration 
ultimately reaches a limit when the glass cannot be pre
vented from depositing crystals. This tendency to de
vitrification is in many cases the phenomenon which 
prevents what may appear a very useful series of glasses 
from being realized in practice. 

Examples of de vitrified material do not often appear in 
public, but I have a few examples which may be interest
ing to a number present. 

LARGE BLANKS. 

Earlier this evening, when speaking of the glass from a 
pot, I mentioned that the larger pieces were generally 
retained for work of unusual dimensions, and among 
these may be mentioned telescope discs, prisms or large 
plates. 

The first stage in preparation is essentially the selection 
of a suitable lump of volume well above that needed for 
the finished product; in fact, two or three times as large, 
and before any work is justified no excessive number of 
defects should be seen in the rough blocks. This opera
tion alone will usually eliminate a large number of blocks 
from any further work in the intended direction. 

Assuming for a moment that a block has been selected, 
it is first essential to polish this on four faces at least in 
order to select any portion which may be defective for 
removal. Should any portion be found useless-and 
there are few large blocks in which this does not occur
it is as far as possible cut away. 

The block is now subjected exactly as in the case of the 
smaller work to a moulding operation, either into a 
rectangular or octagonal plate, and again subjected to 
examination by polishing its edges. Any defects are 
again removed, and the moulding operation performed, 
followed by another examination. These may have to be 
repeated four or five times, and the risks of breakage not 
only in heating but in subsequent cooling are very great. 

As soon as all the defects have been eliminated by suc
cessive grindings, the glass is moulded to circular form of 
correct diameter and thickness, and finally subjected to 
a very careful annealing operation. It will be seen that 
the difficulties involved in not only obtaining large blocks 
but in their subsequent manipulations are very great. 

For specifying the refractive properties of a glass it is 
customary to use bright spectral lines which can easily be 
obtained from artificial sources. 

The lines which are generally adopted are the red po
tassium line, the yellow sodium line, and the lines Ha, 
H{:l, Hy of the hydrogen spectrum. Of these the sodium, 
Ha H{:l, are identical with the Fraunhofer lines D, C and 
F in the solar spectrum. The wave lengths of these in 
tenth meters may be taken as: 

AI (potassium).. . . . . . . . . . . . . . . . .. 7,677 

C (hydrogen). .................. 6,563 

D (sodium)..................... 5,893 

F (hydrogen).................... 4,862 
Gl (hydrogen). . . . . . . . . . . . . . . . . .. 4,341 

The ch:j,racteristic quantities nA\ nc, nD, nF, nG\ are 
spectrometrically determined for each melting, and from 
them are deduced the mean dispersion (nF -nc), and the 
partial dispersions (nD-nC, nF-nD, nG1-nF)' One very 
important quantity is deduced from these figures, and 
is commonly known as v. Its value is expressed by 
nD - 1 

and is often called the dispersive reciprocal, being 
nF- nC 

an important factor in lens systems. 
The theoretical and practical optician is the important 

person who makes the demand which must be met by 
glass manufacturers, and although today such possibili
ties as increasing the range of optical glasses appears 
very small, yet we shall find that ultimately the produc
tion of what we now term abnormal glasses will be suc
cessfully accomplished. 

A Mechanism of Protection Against Bacterial 
Infection* 

Rockefeller Institute for Medical Research, New York 

By Carroll G. Bull 

THE llleans employed by the animal body to rid itself 
of bacteria have been conceived to be of two kinds: 
those of disintegration or lysis, and those of cellular 
inclusion or phagocytosis. 

According to the former, the bacteria are acted upon 
by certain constituents of the blood serum-amboceptor 
and complement-which dissolve them; and according 
to the latter they are englobed by white blood corpuscles 
which digest them. 

As a matter of fact, the first process has been in
fen'ed, rather than demonstrated. It is true that in 
shed blood the dissolution by lysis has been observed, 
but not in the living body. But even in shed blood 
or its serum constituents the solution occurs only with 
a part of the pathogenic bacteria, of which B. typhosus 
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lI!ay be taken as an example. Such bacteria as pneu
mococcus, streptococcus, etc., are not subject directly 
to this form of dissolution. Phagocytosis, on the other 
hand, is a more general phenomenon and applies to a 
wide variety of bacteria. 

It has long been known that when bacteria are in
troduced into and later disappear from the blood, they 
are not eliminated by the organs of excretion, but are 
destroyed in the organs themselves. The problem at 
i�sue relates to the manner of the destruction. 

The question should be considered with reference to 
two states of the animal body, namely, the unprotected 
or normal, and the protected or immune state. 

Taking certain forms of pathogenic or disease pro
ducing bacteria, a study was made as to the manner 
of their disappearance in protected rabbits. The pneu
mococcus and typhoid bacillus may serve as examples. 
Protection was· secured by the employment of immune 
sera. In the case of the pneumococci, the type of pneu
mococcus and immune serum must coincide. In the 
experiments a type I pneumococcus and corresponding 
serum were employed. 

Protection Against Pneumococcus.-Ithas been shown 
that an active pneumococcus serum protects against a 
certain maximum quantity of pneumococcus culture, 
but that multiples of the serum do not protect equally 
against multiples of the culture. An effective culture 
of pneumococcus causes on inoculation fatal septicemia 
in the rabbit, followed by death in 24 to 48 hours or 
less. When an immune serum is employed, life may be 
saved or the surviving period merely prolonged. 

The immediate effect of a serum injection is to cau�e 
the removal of the pneumoccocci from the circulating 
blood. This effect is produced in an incredibly short 
period of time---in a few minutes indeed. But the 
permanency of the removal depends in part on the 
quantity (or dose) of antiserum injected. Small doseH 
of serum are more effective than large doses, and the 
former may be successful in saving life, while the 
latter are not. 

The mechanism of the removal is as follows: when 
an immune serum is introduced into the blood of a 
rabbit suffering from pneumococcus septicemia, an al
most immediate agglutination of the bacteria takes 
place. The larger the doses of the serum, within limits, 
the larger the size of the bacterial clumps that are 
found. The clumps are removed from the blood almost 
immediately by the organs-the spleen, liver, and bone 
marrow. What happens next is determined by the size 
of the clumps. If they are large, they cannot be in
gested by phagocytes; hence they soon begin to mul
tiply, and the bacteria reinvade the blood; if small, 
they are taken up by phagocytes and are digested. 
The animal succumbs on the one and survives on the 
other hand. Hence small doses of the serum causing 
smaller clumps may be more effective than large doses 
giving larger ones. No extra-phagocytic dissolution 
of the pneumococci seems to occur. 

Protection Against the Typhoid Bacillu8.-A similar 
mechanism operates in the rabbit inoculated with cul
tures of the typhoid bacillus. The typhoid bacilli, not
withstanding the fact that they are subject to serum
lysis, are taken out of the blood by the organs after 
clumping, and the clumps are ingested by phagocytes 
which digest them. 

Pathogenic and Non-pathU'gcnic Bacteria.-Certain 
cultures of disease-producing bacteria are not, others 
are pathogenic for animals. The influenza bacillus 
appears in these two distinct varieties. When cultures 
by the non-pathogenic variety are injected into the 
circulation of rabbits, they are clumped and removed 
by the organs at once; when cultures of the pathogenic 
variety are inoculated, they are neither clumped nor 
removed. Hence a pathogenic effect may depend upon 
agglutinability of the bacteria-by the blood of normal 
or of immunized animals. 

In other words, bacteria circulating in the blood are 
quickly removed when they are agglutinated or clumped, 
and the clumps deposited within the organs are taken 
up by phagocytes and digested. They appear not to 
be destroyed by solution or lysis through the operation 
of serum constituents of the blood. 

Hard Paper Insulators 
A METHOD of making paper insulators for electrical 

work was recently described in a German publication, 
and consists in impregnating suitable paper with resin. 
and then rolling the layers of paper together under 
pre�sure and heat. The ordinary re sins first used 
softened at a comparatively low temperature, but where 
synthetic resins were substituted temperatures of 200 

degrees produced no:'bad effect. 
Plates of. the material are easily made, and also 

cylinders, which are rolled on a kind of mandrel. The 
forms suitable for porcelain are undesirable with the 
new material; and although it can indeed be worked 
on the lathe, this requires time and costs money . 
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